I. INTRODUCTION
Last year the authors reported on experimental measurements of the response of structures modeling horizontal cables over ground to the electromagnetic environment produced in the Aurora test cell oDerated in the conventional bremsstrahlung mode. 1 The measurements were interpreted with a finite-difference code and with a lumped parameter equivalent circuit. In this paper we discuss similar measurements of the response of a cable-like extended copper pipe structure to the more severe and inhomogeneous (temporal and spatial) environment produced by direct injection of the electron beam (e-beam) into the Aurora test cell. Schematic views of the experimental arrangement in the Aurora test cell are shown in figures 1 and 2. The work presented here was originally conceived as an extension of the above measurements to a much more severe environment of very high air conductivity, in which skin depth is quite small and "local effects dominate." II. AURORA TEST CELL ENVIRONMENT Figure 3 shows isodose contours for a typical Aurora e-beam shot. Figure 4 compares E-field measurements obtained on the Aurora test cell floor. A discussion of the use of parallel-plate E-field sensors in an ionized conducting air environment is given in reference 2. Figure 5 shows the diode current and voltage time-histories measured by Stewart Graybill 3 in the Aurora coaxial tube leading to the Aurora electron emission diode. A question that immediately arises is how can the fast electricfield rise times such as those measured on the Aurora test cell floor be driven by electrons that are injected by a diode with a slow acceleration voltage rise time such as that shown in figure 5 ?
Theoretically, if the spatial and temporal distribution of the electron current density vector, J(r,t) , and the conductivity of the ionizing air, o(r,E,t) , were TLD techniques yield no information about the time variation of the dose rate during the deposition of the total dose. Nor is any information of the directionality of the particles available from such data. As a first order approximation, the dose-rate waveform can be assumed to be the same throughout the entire test cell (varying only in amplitude).
But more success has been achieved using a more complicated scheme.
The most successful approach to the interpretation of the experimental results has been to assume that the value of J can be approximated by the sum of two products S(t,r. = T1(t)t1(r) + T2(t)02(*) (1 ) The results obtained with a large, complicated finite difference code are frequently difficult to interpret. These codes include a great number of phenomena whose relative importance is difficult to determine. A number of simple models and arguments can, however, yield insight into the general shape of the measured E-field and the necessity of using an expression of the form (1) for the current driver.
A. Clipping
One of the factors contributing to the fast rise-time of the E-field pulse is the clipping effect of air conductivity. Con Figure 11 shows the results of a 3-dimensional finite difference code calculation of the electric field Ez . The magnitude of the code prediction compares favorably with the value of 400 kV/m just calculated. 5 The dip in the pulse takes place at maximum e-beam current and is the result of the large air conductivity produced by the large number of secondary conduction electrons concomitant with the large beam current.
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The solution to this purely local (no spatial derivatives) equation for a number of different electron current densities, but with the same rise time, is shown in figure 5 . Figure  6 shows an equivalent circuit that is an analog to equation (3) . The shape of the curves in figure 6 can be explained in terms of a clipping or limiting action of the time-varying resistance across the capacitor in figure 7 . It is easy to see from this analysis how a slowly rising electron current density can produce an electric field with a fast rise time.
B. Beam Inductance
A number of electron current density measurements have also been made (see reference 6). The results of two of these measurements are shown in figures 8 The decay of the second pulse in the Efield can be discussed in terms of the conservation of charge and Gauss's law. It is easy to show that the decay of the E-field is given by E = ES(t/to) 17e/k where k is the ionic recombination constant and TI the average ionic mobility.
III. RESPONSE OF LONG CYLINDRICAL STRUCTURES AND EXTENDED LOOPS
A. Finite Difference Code Results Figures 1 and 2 show the general form of the geometry of the cable-like pipe structures erected in the Aurora test cell during the experimental measurements reported in this paper. For an antenna structure such as that shown in figure 2 5) where a is the radius of the pipe and b is the average distance of the pipe from the Aurora test cell walls, ceiling, and floor. A conductance G was placed across each capacitor.
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where rin is the radius of the line, and the parameter 6 is the time dependent skin depth given by 6 2t
In our equivalent circuit when the skin depth 6 is less than the average distance between the pipe and the test cell wall the parameters given by equations (7) to (10) are substituted for the conventional values given by equations (4) to (6) . 
